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• What is wrong with physics? 
Lowest number of BS degrees in 40 years, but seems 
to be leveling off. 
High percentage of foreign PhD students in many 
departments. 
• What are some ways out of this 
 situation? 
 A way might be curriculum innovation 
Forman Lecture!
Department of Physics!
Vanderbilt University!
March 23, 2000!
Robert G. Fuller 
Visiting Professor 
USMA 
Physics and Mathematics 
They are like two functions that have always  
been defined on the same domain, now 
they seem to have a greater overlap. 
How did it happen?  
How does it work?  
What will be the result? 
What has happened? 
  Calculus has reformed - a short history 
–  1981-CUPM - 7 into 4 (math majors) 
–  1983-Willamstown Conference - Equal weight for discrete and 
continuous mathematics 
–  1985-Calculus reform movement - MAA -Anaheim - a large 
number of people: calculus instruction is alive buy ailing 
–  1986-Tulane Conference - ~ 25 people-Lean and lively calculus - 
the HP28 could pass the AP calculus exam. 
–  1987-Washington, D.C. meeting - ~500 people- Pump not a Filter 
–  1988-25~30 NSF funded planning grants 
–  1989-7~8 - 4 to 5 year grants -resulted in textbooks and lab mat’ls 
–  By 1994 -30% of students were in a reform section of calculus 
M/P started to share interests. 
  1. Calculus Reform 
–  every person counts 
–  MATC initiative by the NSF 
  2. Research in Physics Education 
Shared Interests 
  1. Calculus Reform 
  2. Research in Physics Education 
–  Karplus and Arons in the 1970s 
–  PhD programs in physics departments 
–  Physics reform 
 Peer teaching - Mazur 
 Content rich problems - Hellers 
 Workshop Physics - Laws (Studio Physics-RPI) 
M/P Have Mutual Traditional Values 
  1. Mathematics topics 
  2. General Physics 
–  classical and modern topics 
M/P Overlaps 
  Instructional Approach 
–  student-centered, activity based 
–  cooperative projects 
–  constructivist paradigm 
  (taken from Kathi Snook, USMA) 
–  problem solving heuristic 
–  computer intensive(?) 
Constructivism 
  A theory of “knowing,” not a theory of “knowledge” 
  Roots in cognitive psychology (Piaget) 
  Characterized by both a cognitive position and a 
methodological perspective 
  All knowledge is constructed by the learner either from 
innate structures or from structures previously 
constructed 
  Humans are knowing subjects whose behavior is 
purposive with a highly developed capacity for 
organizing knowledge 
Constructivists Generally Agree 
  Cognitive structures exist and are activated in the 
process of learning - these structures are the result 
of cognitive activity. 
  Cognitive structures are continually under 
development by adaptation and assimilation 
  Acknowledgement of constructivism as a cognitive 
position leads to the adoption of methodological 
constructivism. 
  Leading physicist spokesperson: E.F. Redish 
 AJP, 62, 796-803, 1994; AJP, 67, 562-73, 1999. 
Fundamental Truths About Learning 
  Learning first takes place by a process much like osmosis. 
  Authentic learning comes through trial and error. 
  People will learn only what they have some proclivity for or interest in. 
  No one will formally learn something unless that person believes he or 
she can learn it. 
  Learning cannot take place outside of an appropriate context. 
More Fundamental Truths About 
Learning 
  Real learning connotes use. 
  No one knows how a learner moves from imitation to intrinsic 
ownership, from external modeling to internalization and 
competence. 
  For authentic learning to happen, time should occasionally be 
wasted, tangents pursued, side-shoots followed up. 
  Traditional tests are very poor indicators of whether an individual 
has really learned something. 
  The more learning is like play, the more absorbing it will be. 
Reinsmith, W.A. (1993) Ten fundamental truths about learning. The National Teaching and Learning Forum. 2(4), 7-8. 
M/P Overlaps 
 Instructional Approach 
–  student-centered, activity based 
–  cooperative projects 
–  constructivist paradigm 
–  problem solving heuristic 
–  computer intensive(?) 
EDPIC 
M/P Overlaps 
 Instructional Approach 
–  student-centered, activity based 
–  cooperative projects 
–  constructivist paradigm 
–  problem solving heuristic 
–  computer/calculator intensive 
 technology changes what and how we teach. 
External Variables 
  1. Employment needs 
  2. Interdisciplinary frontiers 
  3. Inadequacy of the traditional curriculum 
  4. Usefulness to others 
  5. Financial support 
Society for Industrial and Applied Mathematics: 
http://www.siam.org/nnindex.htm 
http://matc.siam.org/ 
Project Intermath: 
http://www.dean.usma.edu/math/intermath/index.htm 
The Consortium for Mathematics and its 
Applications(COMAP): 
http://www.comap.com/ 
Math Across the Curriculum (NSF) 
Two MATC Examples 
  1. Imbedding Maple in Physics 
–  computer intensive 
–  UNL 
  2. Integrating 2nd semester calculus with 
1st semester physics 
–  USMA 
Imbedding Maple in Physics 
  Paperless Physics - Spring, 1997, UNL 
–  5 credit hours, seven contact periods per week, including lab 
–  Physics InfoMall was the textbook 
  Paperlite Physics - Fall, 1997, Spring, 1998, UNL 
–  4 credit hours, four contact periods per week, no lab 
Preparing a CD-ROM of combined physics 
 and mathematics lessons. 
For additional information: 
http://physlab.unl.edu/cip 
Multimedia Mathematics  
Across  
the Curriculum 
An Attempt to Combine Math and Physics Courses 
at West Point 
  U.S. Military Academy 
  West Point, New York 
Department of Mathematical Sciences 
MAJ Jon Shupenus 
LTC Jeff Strickland 
LTC Joe Myers 
Prof. Duff Campbell 
Department of Physics 
COL Thomas Lainis 
LTC Dave Bedey 
MAJ Chris Lehner 
Prof. Robert Fuller 
Organization 
  Courses 
–  MA205(P): Calculus II (follows DDS & Calc. I) 
–  PH251(M): first semester Advanced Physics 
  Students 
–  64 sophomores from the top of the class  
–  Excelled in freshman math and chemistry 
–  “Mostly” volunteers, selected by physics department 
Organization 
  Three WPRs & a TEE in each course 
–  First WPR:  one page counts towards the other course 
–  Second WPR:  combined two-hour mid-term  
–  Third WPR:  separate 
–  TEE:   separate (used core-course TEEs) 
  Both classes in one room with adjacent lab 
  120 classroom hours  
–  Math:  56 lessons, 8 problem solving labs 
–  Physics: 40 lessons, 8 labs (x 2 hours) 
Redesigning The Courses 
 Physics sequence of topics was relatively fixed.  
 Math sequence was reordered to support physics. 
 Scheduling Philosophy: 
– Schedule math topics first so that students learn the 
mathematical tools before they need them in physics. 
– Schedule physics immediately after the applicable math 
topics to reinforce learned skills. 
– Schedule problem-solving labs, in-class exercises, and 
projects last in order to go beyond the normal limits of either 
course 
Combined Course Lessons  
(e.g. first block of instruction) 
Math 
Course Intro & Review 
Parametric Equations 
Vectors 
Deriv. & Int. of Vector Functions 
Problem Solving Lab 
Fundamental Skills Exam 
Motion in Space 
Eqns of Lines, Planes, Distance 
Problem Solving Lab 
Intersections & Collisions 
Dot Product 
Cross Product 
Problem Solving Lab & Review 
Major Exam 
Physics 
1 Dim. Motion 
2 Dim. Motion 
2 Dim. Motion 
Ballistic Motion Lab 
Newton’s Laws 
Newton’s Laws 
Newton’s Laws 
Example material 
  Parametric equations 
  Linear motion 
  Rotational motion 
  2-D motion 
  Conservation of energy 
ILAP #1: Bow & Arrow Analysis 
  Predict and measure speed of arrow 
  Based on physical characteristics of instructor’s bow / arrows 
  Determine range, engagement range, and max effective range 
  Concepts: 
–  Vector functions 
–  Extrema / Lagrange multipliers 
–  Total differential 
–  Intersections 
–   Work-Energy theorem 
–   Newton’s 2nd Law 
–   Ordinary differential equations 
–   Non-constant acceleration 
Draw Length 
Fo
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e 
Longbow 
Compound Bow 
ILAP #1 Resources 
 Bow & arrows 
 Instructors 
 Handout 
 Web page 
– Digital photos 
– Digital videos 
– Java applet 
Hoped to find... 
  … improvement in math skills and retention 
  … improvement in physics skills and understanding 
  … improvement in problem solving skills 
  … increased appreciation for power of math & physics 
  … better attitude towards math and physics 
  … synergistic areas to improve core courses 
Preliminary Results 
Our quantitative results would 
be so singularly impressive 
and awe inspiring that all 
colleges and universities across 
America would adopt it. 
This was not the case. 
Results are mixed. 
The image cannot be displayed. 
Your computer may not have 
enough memory to open the 
image, or the image may have 
been corrupted. Restart your 
computer, and then open the 
file again. If the red x still 
appears, you may have to 
delete the image and then 
insert it again.
The image cannot be displayed. 
Your computer may not have 
enough memory to open the 
image, or the image may have 
been corrupted. Restart your 
computer, and then open the 
file again. If the red x still 
appears, you may have to 
delete the image and then 
insert it again.
Performance 
  The combined course did not hurt math grades. 
  From initial examination of qualitative feedback, the students felt that 
the math course helped them in their physics course, but the physics 
course did little to assist them in their math course. 
Grades not 
hurt. 
Time is saved that can 
be used for ??? 
The math-physics course shows 
stronger correlations than one year 
earlier. 
MA205 Section 1
& PH201 
0.62 
MA205X 
& PH251 
0.65 
MA205  
& PH251M 
0.78 
Course End Survey 
Student Comments 
  “I am confident that I learned more from this class than I 
could have from the regular math or physics classes.  If 
your grade is your main focus, regular classes would be 
better for you.  But if you are interested in really learning 
and understanding the physics and math principles taught 
in PH251 and MA205, this class is right for you.” 
  “Because I had a better grasp of the math, it 
helped me to see the physics in a different 
light.” 
  “This course is not for everyone.” 
  “I am extremely relieved that I am through with these two classes.” 
I would not wish this course on my worst enemy. 
Instructor Comments 
Instructors can assist the students by referring to the 
vocabulary of the mathematicians.  As an example, 
“intersection and collision.” 
A spaceship captain is enroute to space station zebra 
(coordinates...) along the parametric equation shown.  
The captain wishes to shut down the engine so that the 
ship can “coast” to the station.  Where should the 
engines be shut down? 
Sum of the instructorship is greater than its parts. 
•  flexibility of instructors  
•  student centered learning 
Saved time 
We decided to cover more 
Extra topics 
• Special relativity 
• Many context rich problems 
• Bow and Arrow interdisciplinary project 
• Large angle pendulum interdisciplinary     
 laboratory 
• Terminal speed and coffee filter laboratory 
• Two to four oral reports 
WELL                            THE EFFORT. 
Lessons Learned 
  Students synthesis < instructor synthesis 
  Professional growth for faculty 
  Student confidence 
  Coordination -- expensive but valuable 
  Common topics (e.g., total derivative / 
uncertainty), notation 
  Technology / software (JAVA, Mathcad, wireless 
keyboards) 
  Combined exams 
Future directions at USMA 
  Both core courses 
–  Coordinated schedules by topic 
–  Interdisciplinary projects 
  separate but coordinated 
  combined 
–  Same section rosters 
–  Back to back classes 
–  Coordinated labs 
–  Same textbook 
–  Weekly meetings 
Other examples: 
Integrated Calculus-Physics Sequence 
zito@sunydutchess.edu 
Integrated Physics & Calculus textbook 
rex@ups.edu 
MACMATC 
larryg@upenn5.hep.upenn.edu 
rstyer@email.villanova.edu 
In Search of Newton 
A Combined Calculus and Physics Curriculum 
University of New Hampshire, Durham N 
25 June - 30 June 2000 
A Short Course  Sponsored 
by the 
Northeastern Section of the MAA 
http://www.math.unh.edu/~black/newton/pre-registration.html 
More than just physics and mathematics 
Rose Hulman Institute of Technology 
Jeffrey.E.Froyd@Rose-Hulman.edu 
Dartmouth College 
Delo.Mook@Dartmouth.edu 
Marcia.Groszek@Dartmouth.edu 
Others interested in this process 
Association of Research in Undergraduate  
 Mathematics Education 
Partial results of the process… 
  1. Enhanced conversations between physics and 
mathematics faculty 
  2. Students see mathematics in another context 
  3. Instructional efficiencies and effectiveness 
  4. More work for faculty at start up (and probably forever) 
What is needed for the function 
to be integrable? 
  1. Need institutional support 
  2. Need faculty vision 
  3. Shared pedagogy 
  4. New  textbooks 
–  some are working on this already 
What will the final sum be? 
  These courses represent a viable alternative to traditional 
instruction. 
  They may represent the next generation of physics 
curriculum innovation…next after this… 
  Maybe some offspring ? 
Physics and engineering ? 
To me at:  
rfuller@neb.rr.com 
or 
Thomas.Lainis@usma.edu 
Comments and suggestions are invited: 
